Introduction
============

Distal cerebral aneurysms account for approximately 7.4--9.3% of all cerebral aneurysms and are reported^[@B1]--[@B10]^ to occur frequently in the anterior cerebral artery, middle cerebral artery (MCA) and posterior inferior cerebellar artery (PICA). Because there are few anatomical indicators for the surgical treatment of distal aneurysms, ascertaining the lesion site is more difficult^[@B2],[@B3],[@B5],[@B10]--[@B14]^ than it is for aneurysms at the Circle of Willis. Because the simple clipping of distal aneurysms is technically challenging, parent artery occlusion and revascularization surgery^[@B7]--[@B9],[@B15]^ of the distal artery is often required. Consequently, even after the aneurysm is detected, the site of anastomosis of the distal recipient arteries should be confirmed.^[@B7],[@B8],[@B15]^ In cases where aneurysm clipping is difficult, even when the aneurysm itself is detected using a navigation system,^[@B4],[@B5],[@B11],[@B12])^ it is important to confirm the relationship between the proximal artery and the aneurysm to perform the surgical clipping safely. Germanwala et al. suggested that precise surgical localization of distal aneurysms could be difficult. Uncertainty regarding the exact location of these vascular lesions might result in larger craniotomies and unnecessary exploratory arachnoid and pial dissection. To reconstruct the artery, it is necessary^[@B7],[@B10],[@B12],[@B15],[@B16])^ to ascertain the vessel that is distal to the aneurysm.

The purpose of this study was to confirm the benefits of temporarily occluding the proximal artery while performing indocyanine green videoangiography (ICGVAG)^[@B16]--[@B20]^ to confirm the continuation of the distal/peripheral blood vessels. Since 2003, ICGVAG has become established^[@B19],[@B20]^ as a noninvasive angiography technique that is performed intra-operatively,^[@B19],[@B20]^ quickly, safely, and easily on intracranial blood vessels in cerebral aneurysm cases. This article describes a practical application of this technique.

Methods
=======

During the period from March 2007 through December 2012, temporary clipping with ICGVAG was used in one case with a ruptured distal MCA aneurysm and two cases with ruptured distal PICA in which determination of the relationship between the distal and proximal artery associated with the aneurysm was necessary. A combination of temporary clipping and ICGVAG was used to clarify the relationship between the distal and proximal arteries. ICG imaging was possible in all cases and no ICG allergic reactions were observed.

I.. Basic technique of temporary clip with ICG
----------------------------------------------

The surgical treatments for aneurysms were performed using a Carl Zeiss surgical microscope OPMI Pentero INFRARED 800 (Carl Zeiss Co., Tokyo). Digital subtraction angiography findings were used to identify the parent artery, which was most likely upstream of the aneurysm, and to open the subarachnoid space near the parent artery. The area near the M1--M2 junction of the sylvian fissure was dissected. With regard to the distal PICA aneurysm, after an occipital midline skin incision, the PICA on the affected side within the cisterna magna was confirmed. The proximal PICA in the tonsillar segment without perforating arteries and arteriosclerotic changes was confirmed, and Sugita No. 51 temporary clips (Mizuho Corp., Tokyo) were used to occlude the vessel safely. The arachnoid membrane surrounding the artery in the section thought to contain the correct distal donor arteries was incised, and the arachnoid membrane was dissected where the blood vessel was clearly visible on the ICGVAG imaging. All the structures were placed within the ICGVAG field of vision, and the imaging was initiated after the temporary clip was applied. After performing ICGVAG (0.3 mg/kg) for 1 min, the Sugita clip was removed while continuing ICGVAG. Following the recanalization, the patency of the blood vessel with no contrast medium in its lumen was confirmed by removal of the temporary clips. The level of dye in the peripheral segment of the PICA was temporarily diminished or increased after the clip removal.

The ICGVAG was conducted in three stages. First, the area of the sulcus suspected of containing the aneurysm was dissected. In the event that revascularization was required, the ICGVAG images of the parent artery including the appropriate distal blood vessel were captured. After confirming the aneurysmal neck, the ICGVAG images were captured before applying the aneurysmal clip. Finally, the images were captured to confirm the complete clipping and patency of the distal artery.

II.. Representative case 1
--------------------------

A 78-year-old female presented with headache and subarachnoid hemorrhage. A concurrent fourth intraventricular hemorrhage from rupture of the distal PICA was detected. Three-dimensional computed tomography (CT) angiography ([Fig. 1, *left*](#F1){ref-type="fig"}) revealed a distal aneurysm (4 mm) in the cortical segment of the left PICA. The surgery involved opening the dura with a Y-shaped occipital midline skin incision. The PICA on the left side was initially confirmed in the tonsillomedullary segment.^[@B21]^ On the brain surface, two arteries believed to be the distal PICA were identified ([Fig. 2, *left*](#F2){ref-type="fig"}). The tonsillomedullary segment of the left PICA located at the dorsal brain stem with no arteriosclerotic change and a branch toward the brainstem were temporarily occluded using a Sugita No. 51 temporary clip. The ICGVAG was then initiated. The peripheral segment of the PICA was satisfactorily dyed after an injection of ICG, and after removal of the temporary clip, the level of dye in the peripheral PICA segment temporarily diminished ([Fig. 2, *right*](#F2){ref-type="fig"}). Based on this finding, the peripheral PICA segment received circulation and dye from the anterior inferior cerebellar artery collaterals. In this patient, the left PICA and the anterior inferior cerebellar artery branched from the identical left vertebral artery segment. This procedure confirmed which of the two arteries on the brain surface was the distal PICA, and by tracing this artery proximally, we confirmed the aneurysm site. Before and after the clipping ([Fig. 3](#F3){ref-type="fig"}) of the aneurysm, the preservation of the blood flow to the distal artery was verified using ICGVAG. After the operation, the case progressed without symptomatic vasospasms, and there was no ischemic change in the cerebellum based on the postoperative diffusion-weighted imaging on day 3. The blood flow through the distal/peripheral part of the PICA was confirmed by cerebral angiography ([Fig. 1, *right*](#F1){ref-type="fig"}).

III.. Representative case 2
---------------------------

A 52-year-old female presented with a left hemiparesis and subarachnoid hemorrhage. A concurrent intracerebral hemorrhage from rupture of the distal MCA aneurysm was detected. The M1M2 bifurcation of the MCA was initially confirmed via the pterional approach. The frontal M2 with the parent artery of the aneurysm was temporarily occluded using a Sugita No. 52 temporary clip, and ICGVAG was initiated. The frontal branch of the M4 was thinly dyed and, immediately, another branch of the M4 was thickly dyed by an injection of ICG; after removal of the temporary clip, the level of the dye in the frontal branch of the M4 temporarily increased and diminished ([Fig. 4 A--C](#F4){ref-type="fig"}). The flow 800 analysis indicated a temporary change of intensity of the frontal branch of the M4 ([Fig. 5](#F5){ref-type="fig"}). By tracing this artery proximally, we confirmed the sulcus, which located the aneurysm. After the clipping of the aneurysm, the preservation of the blood flow to the distal artery was verified using ICGVAG. After the operation, the case progressed without symptomatic vasospasms, and there was no ischemic CT change on day 1. The blood flow through the distal/peripheral part of the MCA was confirmed by the cerebral angiography.

IV.. Representative case 3
--------------------------

An 89-year-old female presented with severe headache, nausea, and subarachnoid hemorrhage. Digital subtraction angiography ([Fig. 6, *upper left*](#F6){ref-type="fig"}) revealed a distal aneurysm (5 mm) in the distal left PICA. The midline suboccipital approach and PICA on the left side was initially confirmed in the tonsillomedullary segment. On the brain surface, two arteries thought to be the distal PICA were identified. After the temporary occlusion of the left PICA located at the dorsal brain stem using a Sugita No. 51 temporary clip, the ICGVAG was initiated. The peripheral segment of the PICA was thinly dyed after an injection of ICG, and after removal of the temporary clip, the level of dye in the peripheral PICA segment temporarily increased and diminished ([Fig. 6, *upper right and lower left*](#F6){ref-type="fig"}). This procedure confirmed the artery on the brain surface that was the distal PICA, and we confirmed the aneurysm site by tracing this artery proximally. Before ([Fig. 6, *lower right*](#F6){ref-type="fig"}) and after the clipping of the aneurysm, the preservation of the blood flow to the distal artery was verified using ICGVAG. After the operation, there was no ischemic change in the cerebellum based on the postoperative CT on days 1 and 7.

Discussion
==========

Whereas the three cases represent a very limited group, the intraoperative findings, postoperative diffusion-weighted magnetic resonance imaging, and postoperative magnetic resonance angiography revealed no complications associated with this method. With this technique, there were various types of acuity or whiteness in the ICGVAG findings of the distal artery because of the level of the collateral circulation. Because of the length from the final bifurcation to the occluded site of the occluded artery, the alterations of the acuity or whiteness of the distal artery after the removal of the temporary clipping were different among the cases. In all cases, the acuity alteration after the removal of the temporary clip was clearly visible to distinguish between the connecting artery and the non-connecting artery.

Rodríguez-Hernández et al.^[@B18]^ examined 140 distal aneurysm cases (61 distal anterior cerebral artery, 29 distal posterior inferior cerebellar artery, and 23 distal middle cerebral artery). Notably, 10 of the 23 distal MCA cases and 7 of the 29 distal posterior inferior cerebellar artery cases required revascularization.^[@B18]^ When performing revascularization, it is necessary to determine the appropriate artery suitable for vascular anastomosis peripheral to the distal aneurysm. In such instances, a temporary clip with the ICG method appears to be useful. Because there are no anatomical indices for distal aneurysms,^[@B1],[@B4],[@B5],[@B7],[@B8])^ detection is more difficult than for aneurysms near the Circle of Willis. Raza et al.^[@B17]^ demonstrated that accurate localization in neurosurgery for distal aneurysms is sometimes challenging. Inaccurate localization of these vascular lesions might result in larger craniotomies and unnecessary arachnoid and pial dissection with possible resultant permanent neurological injury. Numerous reports^[@B3],[@B7],[@B17]^ have shown the importance of stereotaxy-based studies for the localization of such vascular lesions. Small vascular lesions are frequently difficult to visualize on such imaging. Lee and Bang reported that with the assistance of neuronavigation CT, they were able to locate aneurysms accurately without corticotomy and to avoid causing further cortical injury by an approach through the sulci. With regard to neuronavigation, our method is not helpful in determining the appropriate craniotomy site. By simplifying the establishment of the relationship among the parent artery, the aneurysm, and the distal artery, cortical injury might be avoided, and this method might be useful to prevent intraoperative premature rupture.

Conclusion
==========

In the three distal cerebral aneurysm cases in which surgery was performed, the relationship between the aneurysm, the distal artery, and the parent artery was confirmed by the temporary clip with ICG method. Our results indicate that this method might contribute to reducing the duration of surgery as well as avoiding brain damage by reducing the size of the subarachnoid space opening. We found this method to be useful and suggest that it might reduce unnecessary dissection in the subarachnoid space.

![*Left*: Initial preoperative three-dimensional computed tomography (CT) angiography demonstrating a distal posterior inferior cerebellar artery aneurysm on the cortical segment. The posterior inferior cerebellar artery and the anterior inferior cerebellar artery were branching from almost the identical segment of the vertebral artery. *Right*: The post-operative lateral view of the left vertebral digital subtraction angiography showing good patency of the distal posterior inferior cerebellar artery and no residual aneurysm is seen.](nmc-55-683-g1){#F1}

![*Left*: The microscopic findings of the surgical field. The tonsillomedullary segment of the left posterior inferior cerebellar artery was temporary clipped. *Middle*: An ICGVAG image taken 16 s after the ICG infusion. The peripheral left posterior inferior cerebellar artery (*white arrow*) was enhanced from the collateral circulation. The proximal side of the posterior inferior cerebellar artery was not enhanced (*arrowhead*), because of the temporary clip. *Right*: An ICGVAG image taken 22 s after the ICG infusion just after the removal of the temporary clip. The enhancement of the peripheral left posterior inferior cerebellar artery (*arrowhead*) was diminished (*white arrow*) just after the removal (*arrowhead*) of the clip. ICGVAG: indocyanine green videoangiography.](nmc-55-683-g2){#F2}

![The microscopic findings of the aneurysm after clipping. The *white arrow* indicates the proximal artery, and the *white arrowhead* indicates the distal artery.](nmc-55-683-g3){#F3}

![Intraoperative ICGVAG images. Image A was captured 11 s after the ICG infusion before the removal of the temporary clip. The frontal peripheral middle cerebral artery (*arrowhead*) has been thinly enhanced. The temporal peripheral middle cerebral artery (*arrow*) has been thickly enhanced. Image B was captured just before the removal of temporary clip. The frontal peripheral middle cerebral artery (*arrowhead*) and the temporal peripheral middle cerebral artery (*arrow*) have been enhanced at the same level. Image C was captured just after the removal of the temporary clip. The enhancement of the frontal peripheral middle cerebral artery (*arrowhead*) was diminished just after the removal of the clip. ICGVAG: indocyanine green videoangiography.](nmc-55-683-g4){#F4}

![Fluorescent intensity curve with the Carl Zeiss FLOW 800 system (Carl Zeiss Co., Tokyo). The *pink curve* indicates the frontal peripheral middle cerebral artery and the *red curve* indicates the frontal peripheral middle cerebral artery. The *blue circle* on the *pink curve* indicates a temporary change of intensity just after the removal of the temporary clip.](nmc-55-683-g5){#F5}

![*Upper left*: Anterior posterior view of the initial digital subtraction angiography demonstrating a distal posterior inferior cerebellar artery aneurysm on the cortical segment. *Upper right*: An ICGVAG image taken 22 s after ICG infusion. The peripheral left posterior inferior cerebellar artery (*white arrow*) vessel has been thinly enhanced. *Lower left*: An ICGVAG image just after the removal of the temporary clip. The strength of the enhancement of the peripheral left PICA (*white arrow*) was changed. *Lower right*: The microscopic findings of the aneurysm before clipping. The *white arrow* indicates the proximal artery, and the *white arrowhead* indicates the aneurysm. ICGVAG: indocyanine green videoangiography, PICA: posterior inferior cerebellar artery.](nmc-55-683-g6){#F6}
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